While it is clear that CBP is involved in CREB-medireporter construct, CRE-CAT, in which the chloramphenicol acetyltransferase (CAT) reporter gene was ated transcription, the role of CBP in mediating calciumdependent transcription is less clear. One possibility is driven by the promoter of the human somatostatin gene that contains multiple CRE sites. Two days posttransfecthat CBP is transcriptionally active when brought to the promoter and that CREB functions primarily to recruit tion, the cultures were treated with various stimuli, and CAT reporter activity was measured as an indicator of this "constitutively active" transactivator to the transcription initiation complex. Alternatively, recruitment of transactivation. In these experiments, the CRE-CAT reporter was induced by glutamatergic stimuli in a stimu-CBP to the promoter may not be sufficient for transactivation, and calcium-dependent transcription may relus strength-dependent manner ( Figure 1B ). Whereas weak glutamate stimulation (10 M) was ineffective in quire a separate activation event. The possibility that CBP may be a target of intracellular signaling pathways driving CRE-mediated transcription, strong glutamate stimulation (100 M) led to robust transactivation of the is suggested by the fact that CBP has a number of potential phosphorylation sites and that transfection of reporter. Depolarization by KCl-induced CRE-mediated transcription to an extent comparable to stimulation with the catalytic subunit of protein kinase A (PKA) or CaM kinase IV enhances CBP-mediated transactivation in 100 M glutamate ( Figure 1B To further explore the properties of stimulus-dependent CBP-mediated transcription, we examined the pharmacology of CBP-mediated transcription in response to glutamate and KCl. Glutamate-induced CBP-mediated transcription was largely inhibited by APV and EGTA but was not significantly attenuated by nifedipine, indicating that it was mediated primarily by calcium influx via NMDA receptors ( Figure 3B ). KCl-induced transactivation was largely inhibited by nifedipine and EGTA but was not attenuated by APV, indicating that CBP-medi- since it would allow for the coordinated activation of a large group of transcription factors in response to calKinase Assays cium signaling, as is thought to be required for changes
The kinase assay for CaM kinase II was performed using the calcium/ calmodulin-dependent protein kinase assay system (GIBCO). Briefly, in synaptic efficacy that underlie long-term memory.
cell extract was prepared by dounce homogenization, and volumes of lysis supernatant containing equal amounts of protein, as deterExperimental Procedures mined by the Bradford assay, were used for the assay. The lysate was incubated at 30ЊC for 3 min with 5 ϫ 10 5 dpm [␥-32 P] ATP and Primary Cell Culture 15 M autocamtide 3, which is a CaM kinase II-specific substrate Cortical neurons from E18 Long-Evans rat embryos were cultured as peptide, in the presence of 1 mM CaCl 2 and 20 g/ml calmodulin previously described (Shieh et al., 1998) . The cortex was dissected in (for total activity) or 1 mM EGTA (for calcium-independent activity). ice-cold HBSS (6.5 g/L glucose), digested in 10 U/ml papain in The reaction was stopped by adding ice-cold trichloroacetic acid. dissociation media (2 ϫ 20 min), and dissociated in culture media.
Following a brief centrifugation, the supernatant was spotted onto The dissociated neurons were plated on 60 mm plates precoated the P81 phosphocellulose paper and incorporated 32 P was measured with poly-lysine and laminin at a density of 3 ϫ 10 6 cells per plate using a scintillation counter. The ratio of calcium-independent activin glutamine-free Basal Media Eagle (Sigma) supplemented with glutaity to total activity was used as an index of activated CaM kinase II. mine (to 1 mM), N2 (to 1%; GIBCO), and fetal bovine serum (5%).
The immune complex kinase assay for CaM kinase IV was performed using a previously published method (Park and Soderling, 1995 For analysis of phosphopeptides after in vivo labeling, E18 cortical neurons in 60 mm dishes were labeled for 4 hr at 37ЊC in the presence of 1 mCi/ml of 32 P-orthophosphate (ICN) in phosphate-free media.
Transfections and Stimulations
Cells were transfected by a modified calcium phosphate transfecFollowing indicated stimulation, the cells were rinsed with cold PBS, harvested, and lysed for 20 min at 4ЊC in a buffer containing 50 mM tion procedure as described previously (Shieh et al., 1998) . Briefly, the culture media was removed and replaced with DMEM at least Tris-Cl (pH 8.0), 150 mM NaCl, 5 mM EDTA, 0.5% NP-40, 100 g/ ml PMSF, 2 g/ml aprotinin, 2 g/ml leupeptin, 1 g/ml pepstatin, 1 hr prior to transfection. The calcium phosphate/DNA precipitate was formed in HEPES buffered saline (pH 7.07) and added dropwise and 1 mM sodium orthovanadate. After centrifugation at 13,000 rpm for 10 min, the supernatant was incubated with 2 g anti-CBP to the DMEM. A total of 9-15 g of DNA was used per plate. Typically, this would include 4-5 g of reporter construct DNA, 4-5 g of GAL4 antibody (Santa Cruz) for 2 hr at 4ЊC. The immune complex was isolated by addition of 60 l of a 50% slurry of protein A Sepharose fusion construct DNA, and if any, 4-5 g of a construct encoding a candidate interacting protein (e.g., E1A[CXdl]). Following a 50-60 (Pharmacia) for 1 hr, washed three times with the lysis buffer and once with PBS, then eluted by boiling SDS lysis and resolved by min transfection during which a fine sandy precipitate covered the cells, the cells were washed in DMEM and returned to the original the 6% SDS-PAGE. 
